Louisiana State University

LSU Digital Commons
LSU Master's Theses

Graduate School

January 2019

Habitat Usage Patterns of Bottlenose Dolphins (Tursiops
truncatus) in Terrebonne and Timbalier bays, Louisiana
Mary Allison Manning

Follow this and additional works at: https://digitalcommons.lsu.edu/gradschool_theses
Part of the Marine Biology Commons, Oceanography Commons, Terrestrial and Aquatic Ecology
Commons, and the Zoology Commons

Recommended Citation
Manning, Mary Allison, "Habitat Usage Patterns of Bottlenose Dolphins (Tursiops truncatus) in
Terrebonne and Timbalier bays, Louisiana" (2019). LSU Master's Theses. 4848.
https://digitalcommons.lsu.edu/gradschool_theses/4848

This Thesis is brought to you for free and open access by the Graduate School at LSU Digital Commons. It has
been accepted for inclusion in LSU Master's Theses by an authorized graduate school editor of LSU Digital
Commons. For more information, please contact gradetd@lsu.edu.

HABITAT USAGE PATTERNS OF BOTTLENOSE DOLPHINS (Tursiops
truncatus) IN TERREBONNE AND TIMBALIER BAYS, LOUISIANA

A Thesis
Submitted to the Graduate Faculty of the
Louisiana State University and
Agricultural and Mechanical College
in partial fulfillment of the
requirements for the degree of
Master of Science
in
The Department of Oceanography and Coastal Sciences

by
Mary Allison Manning
B.S., University of Louisiana at Lafayette, 2005
May 2019

ACKNOWLEDGEMENTS
I thank the following institutions and people who have supported me in this academic endeavor.
The Pennington Foundation for funding this project, Louisiana Universities Marine Consortium
for providing the resources and support, and National Marine Fisheries Service for granting a
permit. I couldn’t have asked for a more patient, understanding, and supportive mentor than Dr.
Donald Baltz. Don, thank you for believing in me when I did not believe in myself, pushing me
to finish what I started, helping me place a feather in my cap, and helping me live my childhood
dream of studying marine mammals. I’d like to thank my committee members, Drs. Nan Walker
and Mark Hafner, for their dedication through the years. Nan, thank you for being an ally and
always offering to get coffee and catch up. Mark, thank you for being jovial and reminding me
that all mammals share the trait of growing hair. Thank you, Dean Christopher D’Elia, for
lobbying for me. Thank you, Dean Michelle Massé, for allowing me to finish my degree. Thank
you, Tiffany Pasco and David Reeves, for being supportive office mates and friends. Thank you,
Joe Ingram, for being the best field assistant anyone could ask for. Thank you, Corey Bretz, for
being the most understanding and loving friend over the past decade. I’d like to thank my
friends from Lafayette, especially Kate Vestermark and Jayme Liles, without whom I never
would’ve gotten the chance to finish this. Lastly, I’d like to thank my entire family, especially
Mom and Bobo, for always being there for me, believing in me, and showing up when I needed
it most. I dedicate this thesis to the memory of my Dad, Grandpa, and Grandma.

ii

TABLE OF CONTENTS
ACKNOWLEDGEMENTS ........................................................................................................ ii
TABLE OF CONTENTS........................................................................................................... iii
LIST OF TABLES..................................................................................................................... iv
LIST OF FIGURES .................................................................................................................... v
ABSTRACT .............................................................................................................................. vi
CHAPTER I. GENERAL INTRODUCTION TO BOTTLENOSE DOLPHINS.......................... 7
CHAPTER II. HABITAT USE PATTERNS OF BOTTLENOSE DOLPHINS, Tursiops
truncatus, IN TERREBONNE AND TIMBALIER BAYS, LOUISIANA ................................. 15
Introduction .......................................................................................................................... 15
Methods ................................................................................................................................ 20
Site Description ................................................................................................................ 20
Survey Procedures ............................................................................................................ 23
Analytical Procedures ....................................................................................................... 25
Results .................................................................................................................................. 27
Discussion ............................................................................................................................ 37
APPENDIX. NOTABLE BOTTLENOSE DOLPHIN AND FIELD PICTURES ...................... 58
VITA ........................................................................................................................................ 64

iii

LIST OF TABLES
Table 2.1. Seasonal number of observations, number of observations with calves and with
foraging behavior, and seasonal survey days and effort for bottlenose dolphins (T. truncatus)
in Terrebonne and Timbalier bays in the northern Gulf of Mexico from May 2009 to February
2011. ........................................................................................................................................ 28
Table 2.2. Seasonal and overall means (±1 standard error [SE]) of environmental variables
used by bottlenose dolphins in the Terrebonne and Timbalier bays study area from May 2009
to February 2011. Different superscripted letters across rows designate significant seasonal
differences (p≤0.04) in least-square means................................................................................ 29
Table 2.3. Factor loadings of environmental variables measured at observation sites in
Terrebonne and Timbalier bays, Louisiana, from May 2009 to February 2011. Major loadings
for each factor are indicated in bold. The variance explained by factors eigenvalues is
expressed as absolute, and percent proportional and cumulative. ............................................... 30

iv

LIST OF FIGURES
Figure 2.1. Terrebonne and Timbalier bays study area and surrounding areas. Bottom
bathymetric contours are shown every 2 m. Dashed line indicates the dredged Houma
Navigation Canal. Circled numbers are mooring locations (from Inoue & Wiseman 2000,
used with permission). .............................................................................................................. 22
Figure 2.2. Physical environments of the Barataria-Terrebonne estuaries (from BaratariaTerrebonne National Estuary Program 1995, used with permission).......................................... 23
Figure 2.3. Plot of factor analysis patterns of group means of 155 observations indicating the
group composition (i.e., with adults only, with adults and calves) and the presence or absence
of feeding activity within each group. The radii of individual centroids equal two standard
errors. ....................................................................................................................................... 31
Figure 2.4. Foraging habitat suitability curves for distance to shore, turbidity tube as a
measure of water clarity, and depth. Vertical bars indicate frequency of overall observations
(black) and feeding activity (white) for each given interval. Black lines indicate the relative
suitability of variable values for feeding activity. ...................................................................... 33
Figure 2.5. Foraging habitat suitability curves for salinity, temperature, and dissolved
oxygen. Vertical bars indicate frequency of overall observations (black) and feeding activity
(white) for each given interval. Black lines indicate the relative suitability of variable values
for feeding activity.................................................................................................................... 34
Figure 2.6. Habitat suitability curves with groups with calves for distance to shore, turbidity
tube as a measure of water clarity, and depth. Vertical bars indicate frequency of overall
observations (black) and presence of calves (white) for each given interval. Black lines
indicate the relative suitability of variable values for presence of calves. .................................. 35
Figure 2.7. Habitat suitability curves for groups with calves for salinity, temperature, and
dissolved oxygen. Vertical bars indicate frequency of overall observations (black) and
presence of calves (white) for each given interval. Black lines indicate the relative suitability
of variable values for presence of calves. .................................................................................. 36

v

ABSTRACT
I coupled fine-scale environmental data with observed behavior and group composition
data to examine overall distribution within the bay system and to characterize the habitat
associated with foraging and the presence of calves. Semi-isolated populations of bottlenose
dolphins (Tursiops truncatus) along Louisiana’s coast are undergoing increased risks from boat
traffic, oil spills, land subsidence, and planned water diversions (CPRA 2017). Characterizing
the habitat use of bottlenose dolphins in Terrebonne and Timbalier bays, Louisiana, is important
given the likely high site fidelity, small home ranges, and low exchange of individuals with
nearby coastal populations (Lane et al. 2015, McDonald et al. 2017, Wells et al. 2017). Small,
semi-isolated populations with associated low genetic diversity are especially vulnerable given
that recolonizing to a healthy population level could take several hundred years, if even possible
(Sellas et al. 2005, Nichols et al. 2007). Knowledge of dolphins’ responses to crises, including
oil spills and hurricanes, is limited (Miller et al. 2013, Nixon et al. 2016). The highest risk is to
reproductive-age females and calves, given that the future viability of the population depends on
the success of these two age classes (Matkin et al. 2008). Seasonal differences in environmental
conditions may indirectly influence bottlenose dolphins by directly influencing the distribution
and movements of their prey. The foraging requirements of dolphins determine their
distribution, thus extra care to protect the entire range of habitat utilized to fill their needs is
crucial (Cockcroft & Ross 1990). In my study, groups with calves occupied a different
environmental space when not foraging compared to all other groups (i.e., adults only foraging
and not foraging, calves foraging). This presumable shift to nursery conditions protects calves.
Conserving this low salinity and high turbidity area is critical to ensure the population’s success.
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CHAPTER I. GENERAL INTRODUCTION TO BOTTLENOSE DOLPHINS
Although the first whales were primarily terrestrial mammals that lived in littoral settings
and foraged primarily in fresh water, all modern cetaceans are obligate aquatic or marine
mammals with myriad adaptations for life in water (Hassanin 2012). The phylogenetic
classification of this particularly peculiar group of mammals has been a matter of great debate,
and continuing discovery of fossils documents the transition from land to water. The order
Cetacea was thought to have originated from Mesonychia, an extinct order of carnivorous
ungulates, until Gingerich et al. (2001) found two limb features in the ankle of fossil whales with
fore- and hind limbs that are diagnostic of artiodactyls, indicating that artiodactyls and cetaceans
share a common ancestor. The diverse order Cetartiodactyla (a combination of the old orders
Cetacea and Artiodactyla) has 332 extant species in 22 families, including hippos, camels, deer,
whales, and most domestic livestock (Hassanin 2012). Within this group, the clade
Whippomorpha (Waddell et al. 1999, Uhen 2010) contains the sister taxa Hippopotamidae and
Cetacea (Gingerich et al. 2001, Thewissen et al. 2001, Gatesy et al. 2013). Divergence of
Hippopotamidae and Cetacea dates to 54.9 Mya (Million years ago) in the early Eocene
(Bininda-Emonds et al. 2007), and Tsagkogeorga et al. (2015) suggested these two groups
evolved most of their aquatic adaptions separately. The fully extinct suborder Archeoceti
included semi- and fully-aquatic cetaceans including family Basilosauridae from which presentday cetaceans are thought to be derived (Uhen 2010). The first fully aquatic cetaceans evolved
approximately 40 Mya, and the two living cetacean subgroups Mysticeti (baleen whales) and
Odontoceti (toothed whales) appeared 34.4 Mya (Hassanin 2012). Odontoceti rapidly diversified
into four lineages (~30 Mya) including the extant family Delphinidae (Hassanin 2012). Hassanin
et al. (2012) speculated that between 1.81 and 0.84 Mya sea level and temperature fluctuations
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favored rapid speciation within Delphinidae, giving rise to Tursiops among other genera. The
modern Cetacea includes 88 extant species found in waters worldwide (Mancia 2018).
The best known and most studied cetacean is the common bottlenose dolphin (Tursiops
truncatus) described by Montagu (1821) using their flattened teeth as an identifying
characteristic (Wells & Scott 2009). Bottlenose dolphins are distributed globally in temperate
and tropical seas, and they are found in habitats ranging from enclosed bays and estuaries to
open seas. High levels of regional phenotypic and genotypic diversity have created confusion in
the taxonomy of the genus Tursiops, with up to 20 nominal species described (Hershkovitz 1966,
Natoli et al. 2004). Two species are now commonly accepted, Tursiops truncatus and Tursiops
aduncus (Wang & Yang 2009) based on congruence of ecological, genetic, external
morphological, and osteological data. T. truncatus is found in shallow shelf and deep waters and
feeds upon epi- and meso-pelagic prey species. T. aduncus is found in shallow shelf waters and
feeds upon associated bottom- and reef-dwelling fish and cephalopod species (Wang et al.
2000a). T. truncatus possesses a comparatively shorter rostrum than T. aduncus, as well as a
protruding melon, a slightly taller falcate dorsal fin, and somewhat longer flippers. Body color
of T. truncatus can be various shades of grey dorsally with a lighter colored ventral area and few
other markings, whereas T. aduncus has a spotted ventral surface (Wang et al. 2000b). T.
truncatus has more vertebrae and fewer teeth than T. aduncus (Wang et al. 2000a). Great
potential for speciation exists in Tursiops due to the unusually large (for mammals) extent of
regionally specific polymorphisms in the genus (Natoli et al. 2004).
Polymorphism exists worldwide within T. truncatus trending toward increasing genetic
diversity with increasing latitude, contributing to the confusion of distinguishing and defining
taxonomic boundaries in the clade (Rosel et al. 2009). Studies have proposed assigning ecotypes
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to subspecies (Costa et al. 2016) and even different species (Kingston & Rosel 2004), yet no
definite taxonomic revision has been undertaken. Coastal and offshore ecotypes of T. truncatus
have been widely recognized in several oceanic regions (Natoli et al. 2004, Ansmann et al. 2012,
Louis et al. 2014). Combining morphological, genetic, and ecological information has provided a
reliable basis for ecotype differentiation. Body sizes typically vary inversely with water
temperature, except in the eastern Pacific (Wells & Scott 2009). In the western North and South
Atlantic Oceans, the coastal type is smaller, lighter in color with a longer beak and a larger
flipper size, whereas the offshore type is darker grey, more robust and longer, with a shorter beak
and smaller flippers (Hersh & Duffield 1990, Mead & Potter 1995, Walker et al. 1999, Costa et
al. 2016, Fruet et al. 2017). Conversely, in the eastern North Pacific where upwelling of colder
waters occurs closer to the shore, the coastal type is described as larger and more robust, lighter
grey dorsally with a white belly and shorter, wider flippers. The offshore type in the eastern
North Pacific is smaller, darker grey dorsally with a light grey belly and longer, narrower
flippers (Walker 1981, Wells & Scott 2009, Díaz-Gamboa et al. 2018).
Marine mammals display the highest physiological vagility, or great capacity for
movement, among all vertebrates. Given few geographical barriers to movement, they are
presumed to have relatively little genetic population structure (Hancock & Hedrick 2018). Yet,
multiple studies have found significant genetic structuring in sympatric and parapatric
populations with no obvious barriers to genetic exchange. Duffield et al. (1983) found
hematological differences in the offshore ecotype, including increased hemoglobin
concentration, packed cell volume, red blood cell count, and hemoglobin profile (Hersh &
Duffield 1990). Hoelzel et al. (1998) found the offshore and coastal populations in the western
North Atlantic were genetically distinct based on mitochondrial and nuclear markers and that the
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coastal population had a reduced level of genetic diversity. Genetic differentiation among
Tursiops populations continues to be found worldwide at an increasingly finer scale. Natoli et al.
(2004) studied patterns of differentiation among 11 Tursiops populations from seven oceanic
regions of the world and found considerable genetic diversity and differentiation. Within the
Gulf of Mexico, Sellas et al. (2005) found a lack of recent genetic exchange between inshore
populations on opposite coasts (east Texas and west Florida) and reported significant genetic
differentiation among the Florida inshore and coastal populations. This evidence suggests
limited interbreeding despite documented population mixing among inshore resident and
inshore/coastal groups (Wells 2000, Fazioli et al. 2006). Rosel et al. (2009) took it a step further
and found that inshore, estuary resident populations in the western North Atlantic had the lowest
genetic diversity compared to other coastal and offshore populations. The level of genetic
diversity typically mirrors the population size—fewer individuals, less genetic diversity (Sellas
et al. 2005, Rosel et al. 2009, Louis et al. 2014, Lowther-Thieleking et al. 2015, Fruet et al.
2017). Segura et al. (2006) suggested that coastal and offshore ecotypes in the Gulf of
California, Mexico, were demographically independent and proposed the ecotypes to be “nonexchangeable units” for management purposes. Fruet et al. (2017) found that genetic divergence
of the coastal ecotype in the western South Atlantic off the coasts of Brazil and Argentina is
possibly guided by different evolutionary forces than the offshore ecotype. They proposed
consideration of the coastal ecotype as an Evolutionary Significant Unit (ESU; Ryder 1986)
allowing for their prioritized, practical management. In the United Kingdom, the extinction of a
small, isolated population in Humber Estuary which has not been recolonized demonstrates the
greater risk to the viability of genetically isolated, coastal populations (Nichols et al. 2007). The
ranges of these less genetically diverse populations overlap significantly with areas rife in
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anthropogenic threats, increasing the likelihood of human-induced mortality, therefore,
prioritizing their management and conservation is critical.
Ecological information, such as distribution and feeding habits, can be integrated to
provide a description of the resources partitioned between ecotypes. Torres et al. (2003)
identified the offshore ecotype in western North Atlantic waters typically beyond the continental
shelf, 34 km from shore and deeper than 34 m, while the coastal ecotype was within 7.5 km of
shore. Segura et al. (2006) demarcated coastal and offshore ecotypes in the Gulf of California
along the 60 m isobath. The physical boundary between the ecotypes and areas of overlap vary
widely, as in these two studies, and are generally attributed to coastal and bottom topography,
environmental barriers, and unique oceanographic features (Fazioli et al. 2006, Segura et al.
2006). For instance, the western North Atlantic coast has a wide, gently sloping continental
shelf whereas the California coast is more varied with deep basins closer to shore. Fazioli et al.
(2006) compared the seasonal usage of habitat among three groups: inshore long-term residents
near Sarasota Bay, individuals found in both inshore and Gulf of Mexico regions, and individuals
found solely in the Gulf of Mexico. Inshore individuals were observed in shallower waters
closer to shore (≤ 1 km), where they showed an affinity for passes (~ 4 m deep). These
populations increased in size in winter months. Gulf individuals moved throughout the depth
range, made greater use of offshore waters, and moved out of the study area with an unknown
destination in winter months. Individuals using both bay and gulf habitats displayed
intermediate values in distance to shore, occurred most frequently in the spring and fall, and had
a wide geographic range—inshore and up to 10 km offshore. Spatial distribution and habitat
affinity provide another descriptor in delineating ecotypes.
Dolphin diet and features associated with feeding have been shown to differentiate the
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ecotypes. Stomach contents (Walker 1981, Mead & Potter 1995, Berens McCabe et al. 2010),
stable isotope analysis (Walker et al. 1999, Barros et al. 2010, Díaz-Gamboa et al. 2018), and
skull morphology (Perrin et al. 2011, Costa et al. 2016) have produced congruent results
documenting a difference in diet between the ecotypes. Coastal dolphins in the western North
Atlantic, the eastern North Pacific, and the southeastern United States primarily feed on nearshore soniferous prey, most importantly fishes of the family Sciaenidae, which includes noisy
drums and croakers; they eat near-shore squid (Loligo spp.) less frequently (Walker 1981, Barros
& Odell 1990, Barros & Wells 1998, Gannon & Waples 2004, Pate & McFee 2012). In the
western North Atlantic and the eastern North Pacific, the offshore ecotypes prey on pelagic fish
and squid (Walker 1981, Mead & Potter 1995). Prey use differs by location, possibly due to
resource availability, so the diets described above do not necessarily represent preferred prey.
However, Berens McCabe et al. (2010) evaluated prey selection in resident dolphins in Sarasota
Bay, Florida. Purse seine surveys using the entire water column produced information on prey
availability, and when combined with data on prey use from stomach contents, can indicate
dolphin prey selection. Soniferous fishes represented ~52% of the dolphin stomach contents;
however, they were only a small percentage of catch from the seine surveys (~6%). This large
contrast produced significant deviations from random feeding (soniferous vs. non-soniferous)
and suggests sciaenids and soniferous fishes in general are preferentially selected prey.
The isotopic composition of a predator mirrors that of its prey and, when integrated with
genetic and morphological data, can provide a long-term picture of trophic relationships
(Peterson & Fry 1987), habitat affinity (Perrin et al. 2011, Díaz-Gamboa et al. 2018), and
population structure (Barros et al. 2010). Dentinal and skin tissues have the potential to reveal
nutrients assimilated over lengthy time scales while minimizing the influence of occasional,
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short-term changes in diet (Walker et al. 1999, Segura et al. 2006). The carbon isotopic signals
(δ13C) were higher in the tooth collagen and skin samples of coastal populations in the eastern
North Pacific (Walker et al. 1999), the Gulf of Mexico (Barros et al. 2010), and the Gulf of
California (Díaz-Gamboa et al. 2018), indicating a dietary dependence on nearshore food webs,
known to be 13C-enriched. Moreover, Walker et al. (1999) found that coastal dolphins in the
western North Atlantic Ocean displayed similar isotopic values over the past century, indicating
historical stability in dietary habits. Barros et al. (2010) also found that while δ13C and δ15N
values differentiated inshore from both coastal and offshore groups in west-central Florida
waters, δ34S isotope levels were a more powerful tool in differentiating the groups. The δ34S
levels decreased on a non-overlapping scale (offshore>coastal>inshore) and provided discrete
ranges for each group. Diaz-Gamboa et al. (2018) found that the offshore ecotype shared a
similar isotopic profile with the female sperm whale (Physeter macrocephalus). Profiles are
markedly different from the inshore ecotype, which suggests a distinct habitat difference
between inshore and offshore, and that offshore dolphins and sperm whales have some prey
species in common. Consistent differences in cranial features associated with feeding appear to
reflect dietary differences between inshore and coastal dolphins. Craniometry studies of coastal
groups in the eastern North Pacific Ocean (Perrin et al. 2011) and the western South Atlantic
Ocean (Costa et al. 2016) produced similar results: the coastal ecotypes have fewer, larger teeth,
a larger temporal muscle, and a longer rostrum and mandible. These features contribute to a
stronger bite, possibly an adaptation to a diet composed of larger coastal fish species, such as
mullets (Mugilidae), and drums and croakers (Sciaenidae).
Accurately discerning populations living in sympatry and parapatry and clarifying
taxonomic groups are crucial to effectively managing taxa and conserving biodiversity. Further
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inquiry into possible drivers of ecotypes, whether morphological, genetic, or ecological, will
clarify if these populations are on different evolutionary trajectories. Inshore populations of T.
truncatus are of special concern due to their limited genetic diversity and significant physical
overlap with human activities. Nevertheless, only a limited number of inshore populations have
been studied and basic descriptors of many are lacking. Research into habitat use of these
restricted populations begins to color a picture which eventual genetic and morphological
information can complete.
In this study, habitat usage patterns of bottlenose dolphins in Terrebonne and Timbalier
bays, Louisiana, were examined using a fine-scale microhabitat approach (Miller 2003, Miller &
Baltz 2009). A microhabitat is a point in space and time where an individual organism is found
(Hurlbert 1981, Baltz et al. 1987). Multiple individual measurements can be used to develop a
pattern of environmental usage by a population. Miller and Baltz (2009) used this approach to
characterize the patterns of habitat utilization of dolphins in Barataria Bay, Louisiana. This
approach has general applicability and has been used to characterize spawning site selection by
fishes (Saucier & Baltz 1993) and resource use by fishes and macroinvertebrates (Jones et al.
2002, Baltz & Jones 2003).

14

CHAPTER II. HABITAT USE PATTERNS OF BOTTLENOSE DOLPHINS, Tursiops
truncatus, IN TERREBONNE AND TIMBALIER BAYS, LOUISIANA
Introduction
Louisiana’s coastal waters and estuaries are among the most biologically productive areas
in the United States supporting the second highest fishery landings by weight (NMFS 2017), and
they are also highly stressed due to anthropogenic activities. Exploitation of natural resources
and estuarine habitat degradation interact in complex ways (Chesney et al. 2000), and the former
has been proposed as a major driver of the latter (Jackson et al. 2001, Lotze et al. 2006, Jackson
2008). Worldwide fishery landings have tended toward lower trophic levels, leading some
fisheries toward collapse (Pauly et al. 1998); however, in Louisiana, there has not been a
detectable decline in fishery landings or associated trophic level shifts (Cowan et al. 2014).
Louisiana’s fisheries are dominated by estuarine-dependent Gulf menhaden and penaeid shrimp
species, all of which are low trophic level species and could account for the non-conforming
trend (Chesney et al. 2000, de Mutsert et al. 2008). Evidence suggests coastal fishery resources
are correlated with the spatial extent of estuarine vegetation, which serves as seasonal residence
and nursery grounds for many species (Chesney et al. 2000). However, anthropogenic
disturbances, including exploitation of natural resources, habitat degradation, pollution, rise in
sea level, and coastal subsidence have led to a catastrophic decline of Louisiana’s wetlands with
an estimated loss of 25% since 1932 (Couvillion et al. 2017). Lotze et al. (2006) studied trends
of degradation and recovery in 12 temperate and coastal ecosystems worldwide. They found that
human impacts act cumulatively, both in destroying and regenerating coastal ecosystems. For
instance, they suggested creating management and conservation strategies that focus on
reduction in exploitation, habitat protection, and improving water quality. Yet, alteration of
habitat may cause profound changes in oceanographic and ecologic features of estuarine
15

systems. Efforts to rebuild Louisiana’s wetlands are focused on diverting fresh water and
accompanying sediment to hydrologically isolated areas and creating and enhancing wetlands
and barrier islands (CPRA 2017). Both restorations have potential to alter patterns and gradients
of salinity throughout estuarine systems with consequences for estuarine animals that are
sensitive to changes in salinities and distribute themselves accordingly (Gunter 1956). As
exploitation and rebuilding of Louisiana’s coastal environment continues to intensify,
conservation and management efforts require a baseline knowledge of ecosystem health.
Common bottlenose dolphins, Tursiops truncatus, are highly mobile, top predators in the marine
environment, play a significant role in the stability of local food webs, and are regarded as a
sentinel species for monitoring ecosystem health (Wells et al. 2004, Bossart 2011). Bottlenose
dolphins are found throughout Louisiana’s coastal waters but are limited by low salinity
(Hornsby et al. 2017). They develop adverse epidermal reactions when exposed to waters with
salinities <10 for extended periods of time (Simpson & Gardner 1972, Mullin et al. 2015). Their
patterns of resource use reflect available habitat, tolerances to physicochemical variables, and the
distribution of their prey. As declines in the habitat, function, and health of coastal estuaries
continue, an understanding of bottlenose dolphin habitat requirements is essential for informed
conservation and management decisions.
In the northern Gulf of Mexico (nGOM), there are 36 bottlenose dolphin stocks (Waring
et al. 2017). Of these, 31 are bay, sound, and estuary stocks (BSE) residing inshore in enclosed
or semi-enclosed bodies of water, three are coastal stocks from shore to 20 m isobath, one is a
continental shelf stock between 20 and 200 m deep, and another is an oceanic stock found
beyond the 200 m isobath. In Louisiana, seven BSE stocks are recognized including two
ecotypes, coastal and offshore, and studies have documented genetically isolated inshore,
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estuarine communities with small population sizes (Sellas et al. 2005, Rosel et al. 2009, Fruet et
al. 2014). Recent population abundance data exist for the Barataria Bay stock, yet only limited
and dated population abundance data exist for the Terrebonne and Timbalier stock (Waring et al.
2017). McDonald et al. (2017) sampled Barataria and Caminada bays, including ancillary bays,
and identified 1,601 unique individuals in a total population of ~3,000 individuals. Miller (2003)
conducted a boat-based survey and identified 133 unique individuals in Barataria and Caminada
bays, concentrated around Grand Isle, and estimated an abundance of 180 dolphins (95% CI 159213). Blaylock and Hoggard (1994) conducted aerial line-transect surveys and estimated the
population size of Barataria and Terrebonne bay stocks at 100 dolphins each. No recent
population studies of habitat use, abundance, survivorship, or health have been conducted on the
Terrebonne Bay stock. These stocks are considered relatively discrete populations and many of
the 31 BSE stocks in the nGOM have documented small population sizes, resulting in low
genetic diversity, long-term and high site fidelity, and small home ranges (Hubard et al. 2004,
Balmer et al. 2008, Urian et al. 2009, Bassos-Hull et al. 2013, Wells et al. 2017). Extrapolating
these findings to the Terrebonne Bay stock suggests that it would have limited ability to recover
from a catastrophic natural- or human-induced event (Nichols et al. 2007).
Human exploitation, habitat degradation, pollution, and climate change have profoundly
changed the structure and function of coastal estuaries, rendering every trophic level of the
ecosystem vulnerable (Lotze et al. 2006). A cetacean Unusual Mortality Event (UME) from
March 2010 to July 2014 resulted in 1,141 cetacean deaths in the nGOM, of which 87% were
bottlenose dolphins (Venn-Watson et al. 2015a). From March to May 2010, this event was
focused primarily in Lake Ponchartrain, Louisiana, and western Mississippi, and was likely the
result of low salinities and cold temperatures (Venn-Watson et al. 2015b). After May 2010, the

17

Deepwater Horizon (DWH) oil spill was the primary cause of the UME (Hayes et al. 2017). The
DWH oil spill occurred on April 20, 2010, releasing 134 million gallons of crude oil and,
subsequently, 1.84 million gallons of dispersant over 87 days constituting the largest marine oil
spill in United States history (DWH NRDA (Deepwater Horizon Natural Resource Damage
Assessment) Trustees 2016). The oil reached an estimated 1,055 km of shoreline in Louisiana,
heavily oiling 348 km, and was concentrated on wetlands and shores in Barataria Bay. The
shores of barrier islands and wetlands in Terrebonne and Timbalier bays were less heavily oiled,
and only small areas required treatment (Michel et al. 2013, Nixon et al. 2016). The DWH oil
spill disaster highlighted the dearth of knowledge of Louisiana bottlenose dolphin stocks, and it
focused the need for research into the area, particularly research on the Barataria Bay stock.
The full impact of the DWH oil spill on Louisiana dolphin stocks is unknown, as there is
no information on the health of the stocks before the spill. Schwacke et al. (2013) conducted a
health assessment on the Barataria Bay stock in August 2011. They captured and released 32
dolphins in Barataria Bay; almost half were given an uncertain or unfavorable prognosis and
death was deemed imminent for five (17%) of the individuals. These individuals were found to
have moderate-to-severe lung disease and low adrenal hormone levels, including cortisol and
aldosterone indicative of hypoadrenocorticism (Schwacke et al. 2013). The percentage of
dolphins with poor body condition improved from 25% in 2011 to 9% in 2013 and 6% in 2014,
both within expected levels of wild dolphins (Smith et al. 2017). However, in 2013 and 2014
only 10% of the dolphins had been previously sampled; therefore, the cause of the population’s
improvement, whether death of sick animals, recovery of some individuals, or both, is hard to
discern (Smith et al. 2017). Venn-Watson et al. (2015b) and Balmer et al. (2018) ruled out
brucellosis and morbillivirus infections and background levels of persistent organic pollutants,
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respectively, as causes of the poor body conditions. These findings align with growing evidence
that the prevalence of disease and mortality in the population is a result of exposure to and
toxicity of petroleum compounds. With emigration ruled out as a conflicting factor due to small
home range sizes, Lane et al. (2015) estimated the annual survivorship of the Barataria Bay
population at ~86.8%, which is reduced compared to two other populations sampled previously,
each at ~95%. Moreover, Lane et al. (2015) tracked the dolphins sampled in August 2011 for 47
months and reported a reproductive success rate of 20%. Of the females that did not produce a
viable calf, 57% had been previously diagnosed with moderate-severe lung disease. Impacts
from major disasters of human origin continue to affect a population’s health and its future
viability. A well-studied pod of killer whales (Orcinus orca) in Alaska experienced a 33%
mortality rate after the Exxon Valdez spill in 1989 and has not yet recovered (Matkin et al. 2008,
Muto et al. 2017). The continued lack of recovery has been linked to deaths of five
reproductive-age females and three associated juveniles who were orphaned and later died
(Matkin et al. 2008). Monitoring dolphin populations, especially reproductive-age females and
associated calves, and their patterns of distribution is necessary for their future well-being.
Louisiana’s coastal environment continues to undergo profound changes in the health and
functioning of the ecosystem. Repercussions of continued stresses on bottlenose dolphins from
human and natural alterations to their habitat are unknown. Overall, the Terrebonne Bay stock
has received less attention than the Barataria Bay stock, yet they are under similar stresses. This
study is the first comprehensive assessment of dolphin habitat use in Terrebonne and Timbalier
bays, Louisiana. The overall objective of this study was to examine habitat usage patterns of
dolphins in Terrebonne and Timbalier bays, Louisiana, using a fine-scale microhabitat approach
(Miller & Baltz 2009). In addition to general habitat use, use for foraging and presence of calves
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allowed for investigation into the dynamics of possible nursery areas. Multiple observations
collected over time with associated physicochemical variables, including salinity, temperature,
dissolved oxygen, turbidity, depth, and distance to shore, can characterize patterns of selection
by bottlenose dolphins for general and specific activities, such as foraging and rearing of calves.
Methods
Site Description
The study area is located in the nGOM in the inshore and nearshore coastal waters of
Louisiana (Figure 2.1), within the Terrebonne Basin (Figure 2.2), which covers approximately
6,880 sq km in southeast Louisiana. The study area is bordered by Terrebonne and Lafourche
parishes on the north side and extends to the Gulf side of Isles Dernieres, and Timbalier and East
Timbalier islands to the south. The basin is part of the abandoned Teche and Lafourche delta
lobes of the Mississippi River, which were active 3,000 to 4,000 years ago (Coleman 1981) and
were major distributaries over the last 1,000 years (Penland et al. 1987). The basin is included in
the larger Barataria-Terrebonne Estuarine System (Figure 2.2; Barataria-Terrebonne National
Estuary Program 1995). Its water influx is from local rainfall events, the Mississippi River, and
the Atchafalaya River by way of the Houma Navigation Canal.
Levees constructed on the Mississippi River for flood protection have reduced the
amount of sedimentation south Louisiana receives. The United States Geological Survey
designated Terrebonne Basin as sediment-poor (Wang et al. 1993). While the Mississippi River
Delta has incurred the greatest percentage of wetland loss (~50%) since 1932, Terrebonne and
Barataria basins have incurred the greatest decrease in total wetland area, 1,302 and 1,120 km2,
respectively, which equates to a 30% decrease in wetland area (Couvillion et al. 2017). Wetland
loss peaked in the 1970s after the height of oil and gas extraction from coastal areas in 1969,
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followed by a decrease in loss rates since that time (Couvillion et al. 2017). The loss is partly
due to decreased freshwater input and accompanying sediment starvation from the north and
increased marine-water input from the south as a result of degrading barrier islands and sea level
rise (Figure 2.2).
The study area covers the majority of Terrebonne and Timbalier bays and adjoining
waterways and marshes, from 90° 15’ to 90° 45’ W and 29 °00’ to 29° 25’ N. The area was
divided into six square strata (10x10 nm, 10 minutes of latitude) and each stratum was subdivided into four square blocks (5x5 nm). The study area is mostly open, shallow bays (e.g.,
Lake Pelto, Lake Barre, Terrebonne Bay, Timbalier Bay) with fine-grained sediments as the
bottom-types throughout and consisting of sand in the northern-most regions (Hebblewaithe
1990, Adams et al. 1997). The three northern strata consist mostly of low salinity bayous and
bays with depths typically shallower than 2.5 m bordered by Spartina alterniflora marsh (Inoue
& Wiseman 2000). The three southern strata include both the bay and Gulf sides of the main
barrier islands: Isle Dernieres, Timbalier and East Timbalier islands. The Houma Navigation
Canal is a main shipping channel extending SSE through the study area and leads to the Gulf of
Mexico via Wine and Cat island passes. These dredged canals are maintained at depths of 5 to 6
m. The region experiences a microtidal regime with an amplitude of ~ 30 cm, with spring tides
of 30 to 60 cm and neap tides of 10 to 20 cm (Wang et al. 1993, Adams et al. 1997). Circulation
in the bay is driven by tides and by wind, especially a prevailing south-east wind (Adams et al.
1997, Inoue & Wiseman 2000). Winds are moderate from April to October, however, intense
tropical cyclones may affect the area from June to October during hurricane season (Adams et al.
1997). From November to April, heavy winds associated with eastern-moving cold fronts are
associated with winds quickly veering from southern to northern directions (Adams et al. 1997).
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Numerous gas and oil structures are found throughout the area and are particularly concentrated
within the southeastern portion near East Timbalier Island.

29°15’N

29°00’N

90°45’W

90°30’W

90°15’W

Figure 2.1. Terrebonne and Timbalier bays study area and surrounding areas. Bottom
bathymetric contours are shown every 2 m. Dashed line indicates the dredged Houma Navigation
Canal. Circled numbers are mooring locations (from Inoue & Wiseman 2000, used with
permission).
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Figure 2.2. Physical environments of the Barataria-Terrebonne estuaries (from BaratariaTerrebonne National Estuary Program 1995, used with permission).
Survey Procedures
Surveys were conducted between May 2009 and February 2011 during daylight hours
and under good weather conditions (i.e., sea states of 3 Beaufort or less). A 7 m outboardpowered boat was used and operated at low plane speeds, usually ~23 km h-1 to conduct surveys.
A stratified random sampling design was used to characterize resource utilization over temporal
and spatial scales. One of six strata was chosen at random, and within that stratum, one of four
blocks was randomly selected. Within the block, course headings were randomly selected.
While searching for dolphins, two port and starboard observers scanned ahead and abeam of the
boat, assisted by the boat driver. Each course heading was followed for 20 minutes or until a
stratum boundary was reached. The boat was guided back into the stratum after the angle of
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reflection was calculated based upon the angle of incidence at which the boat approached the
boundary. Three 20-minute transects were run before randomly choosing another stratum and
sub-stratum to sample. If no bottlenose dolphins were encountered after 1 hour, the survey was
stopped at the end of the last 20-minute leg, and environmental variables were measured at that
site.
Upon spotting an individual or group, the initial observation site was marked as a
waypoint on a Garmin GPS model 60CSX. Once the waypoint was recorded, the boat caught up
(if necessary) to the dolphins and then slowed to match their course and speed to obtain dorsal
fin photographs. The following initial behavioral activities were noted: (1) foraging – fish
observed in mouth, direct pursuit of a fish, rapid succession of steep dives, and circling near
surface (Allen & Read 2000); (2) mating; (3) milling – slow movement in same general
direction; (4) traveling – directed movement; (5) resting – slow bobbing and lack of general
motion; (6) moving with another boat; and (7) interactive play, leaping, tail-slapping, and
chuffing. When possible, digital photographs of each dolphin’s dorsal fin, ideally both left and
right sides, were obtained to identify individuals. If the group was cohesive and stayed in the
general area of the boat, a hydrophone, Cetacean Research Technology (SQ26-08), was deployed
to record dolphin echolocation or possibly soniferous fishes. Group size estimates as both initial
and best estimates of total numbers of all dolphins were recorded, and the best estimate was subdivided into adults, juveniles, and calves. An individual was recorded as a calf after exhibiting
two or more of the following: approximately 50% of adult size, limp dorsal fin, dark coloration,
and surfacing head-up and in calf position along its mother’s mid-lateral flank (Urian & Wells
1996, Noren & Edwards 2011). These encounters typically lasted 30 – 45 minutes. After
attempting to photograph all individuals, the driver returned to the waypoint of the initial
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sighting.
At this initial site, environmental measurements including temperature, salinity, and
dissolved oxygen were measured with a YSI model 85 oxygen-salinity-temperature meter.
Water clarity was measured with an eight-inch Secchi disk (Holmes 1970) and a turbidity tube
(Myre & Shaw 2006). Depth was recorded from the boat’s depth sounder and occasionally its
accuracy was checked with a push pole. The substrate was characterized from the feel and
sediment remnants on the push pole. Distance to shore was estimated visually while in the field
and checked through GIS in the laboratory. After data collection was complete, the boat
returned to the survey track waypoint at the point of interruption and resumed the transect for the
remaining on-effort time for the 20-minute leg.
Analytical Procedures
Boat-based surveys were conducted on 36 days from May 2009 to February 2011
throughout the study area during which dolphins were sighted in 192 out of a total of 194
independent observations. Two additional observations were made after one hour of effort
yielded no sighting. Spatial, temporal, geographical, and environmental variables, and dolphin
group composition and behavior were recorded at each sighting. A preliminary sampling
protocol was conducted over six days in May 2009 yielding 41 observations. One survey day
with nine observations was chosen at random to be representative of effort in that time period.
Three other observations were determined to be replicates and not included in the analyses. Two
other observations had incomplete data and were not included in analyses. Variables from the
remaining 155 observations were analyzed using SAS 9.4 (SAS/STAT 2013) unless otherwise
noted.
Patterns of environmental conditions, habitat use, behavior, and group composition were
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analyzed by season. Observations were pooled into seasons defined as fall – (September to
November), winter – (December to February), spring – (March to May), and summer – (June to
August). Environmental variables were checked for univariate normality. Chi-square tests of
independence (Jelinski 1991) were performed to compare frequencies of observations and group
composition and behavior. Number of observations, sightings with calves, and foraging
behavior were examined across seasons. A multivariate analysis of variance (MANOVA) was
used to determine differences among seasons in environmental variables, including temperature
(°C), dissolved oxygen concentration (mg/L), salinity (psu), turbidity tube as a measure of water
clarity (cm), distance to shore (m), and depth (m). Least square means with Tukey’s adjustment
were used to identify significant seasonal differences.
A factor analysis (FA) was used to characterize environmental variation and to describe
patterns of habitat use by dolphins in 3-dimensional environmental space. Six environmental
variables were measured at 155 observation sites without missing data and were used to calculate
variable loadings and generate factor scores for each observation. The variables used in the FA
were temperature, salinity, dissolved oxygen, turbidity tube as a measure of water clarity, depth,
and distance to shore. The Varimax rotation option was used to aid in interpretation and factors
with eigenvalues greater than one were chosen for further analysis. Three-dimensional means of
factor scores were calculated and used to plot group means (centroids) along with confidence
interval radii (±2 SE) around the centroids forming balloons (Jones et al. 2002, Miller & Baltz
2009). Four group centroids were plotted using all combinations of the presence and absence of
calves and feeding.
Habitat suitability curves were used to investigate and compare general habitat use with
special habitat use (i.e., foraging behaviors and presence of calves). General habitat usage, based
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on all microhabitat observations, was compared graphically to foraging behavior and to group
composition using a modified habitat suitability analysis (Bovee & Cochnauer 1977, Bovee
1982). As defined by Bovee (1982) and modified here for dolphins, suitability (S) is a joint
probability function whereby:
S = P(E|D) / P(E),
read as the probability of finding an environmental value (E) given the presence of a dolphin (D)
and P(E) is the probability of finding the same value regardless of the presence of a dolphin. The
function was modified to allow a comparison of general habitat use (U) by bottlenose dolphins
with use for specific behaviors (i.e., foraging, F) or group compositions (i.e., presence of calves).
Thus, two relative frequency distributions across individual environmental gradients were
analyzed as a joint probability function to compare general patterns of resource use and use for
specific behaviors or group compositions. In this case, the probabilities of specific habitat use
for foraging P(U|F) along environmental gradients were divided by the probability of general
use, P(U), the probability of finding that value whether or not dolphins were foraging:
S = P(U|F) / P(U).
Suitability patterns were normalized to a scale ranging from 0 (non-feeding) to 1 (high
probability of feeding). Three-point moving averages were used to smooth the curves depicting
the most suitable variable intervals for feeding and normalized to 1. The same process was
employed to investigate the habitat use for group composition, specifically adults in the presence
of calves.
Results
Between May 2009 and February of 2011, 194 observations were made on 36 survey
days in Terrebonne and Timbalier bays, Louisiana. No other cetacean species were observed
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during the study. Of the 194 observations, 155 observations without missing data (from 31
survey days) were used in the analyses. A chi-square test of independence detected seasonal
patterns in the frequencies of observations (χ2=465, df=9, p<0.0001) as well as in seasonal oneffort hours (χ2=197, df=9, p<0.0001) Observations with calves were well balanced
proportionally across seasons (χ2=3.62, df=3, p<0.31). Feeding observations were lowest in the
spring and highest in the fall, and were different from expected values (χ2=6.19, df=3, p<0.10).
Table 2.1. Seasonal number of observations, number of observations with calves and with
foraging behavior, and seasonal survey days and effort for bottlenose dolphins (T. truncatus) in
Terrebonne and Timbalier bays in the northern Gulf of Mexico from May 2009 to February
2011.
Winter

Spring

Summer

Fall

Total

49

21

42

43

155

12

8

16

10

46

No. of obs.
with foraging

14

2

12

17

45

Seasonal
survey days

10

4

10

7

31

Effort (hours)

22.7

5.8

15.6

20.4

64.5

No. of
observations
No. of obs.
with calves

A MANOVA detected several significant differences for five of six environmental
variables across four seasons (MANOVA, F ≥13.38; df=21 & 441; p≤0.0001). Mean water
temperatures were significantly different across all seasons, as were some means for DO
concentration, salinity, water clarity, and distance to shore (Table 2.2). Depth was the only
variable not detectably different across seasons. Mean temperature ranged from 12.1°C in the
winter to 30.8°C in the summer. Dissolved oxygen concentrations were significantly higher in
the winter, with mean concentrations ranged between 6.7 mg/L in the summer and 9.1 mg/L in
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the winter. Mean salinity ranged from 18.3 in the spring to 27.5 in the winter, which was the
highest value and significantly different from all other seasons. Water clarity and distance to
shore were relatively constant across seasons, except spring when both were significantly
different from winter and at their lowest values.
Table 2.2. Seasonal and overall means (±1 standard error [SE]) of environmental variables used
by bottlenose dolphins in the Terrebonne and Timbalier bays study area from May 2009 to
February 2011. Different superscripted letters across rows designate significant seasonal
differences (p≤0.04) in least-square means.
Winter

Spring

Summer

Fall

Overall mean

Temperature
(°C)

12.1 ± 0.26a

29.2 ± 0.15b

30.8 ± 0.24c

22.6 ± 0.29d

22.5 ± 0.63

Dissolved
oxygen (mg/L)

9.1 ± 0.15a

7.4 ± 0.31bc

6.7 ± 0.16b

7.8 ± 0.13c

7.85 ± 0.11

Salinity

27.5 ± 0.78a

18.3 ± 0.83b

19.1 ± 0.58b

21.3 ± 1.03b

22.2 ± 0.52

Water clarity
(tube, cm)

48.3 ± 2.66a

35.5 ± 5.85b

40.9 ± 3.18ab

41.5 ± 2.42ab

42.7 ± 1.61

Distance to
shore (m)

3122 ± 275a

1427 ± 373b

2425 ± 323ab

2723 ± 384ab

2592 ± 174

Depth (m)
No. of obs.

4.0 ± 0.33
49

3.1 ± 0.26
21

3.4 ± 0.39
42

3.1 ± 0.31
43

3.57 ± 0.19
155

Six environmental variables describing general habitat use were often correlated but
resolved into three factors that had Eigenvalues greater than one (Table 2.3). All six
environmental variables loaded heavily on at least one factor. Collectively, the first three factors
explained about 77.3% of the variation in environmental use, which allowed for viewing in
three-dimensional environmental space (Figure 2.3). Factor 1 accounted for 29.3% of the
environmental variation and was characterized as a seasonal axis because of the inverse
relationship between dissolved oxygen and temperature. Factor 2 accounted for 25.2% of the
variation, loaded heavily for distance to shore and salinity and was characterized as a North29

South axis. Factor 3 accounted for 22.8% of the variation and loaded heavily for depth and
water clarity and was characterized as a three-dimensional spatial axis.
Table 2.3. Factor loadings of environmental variables measured at observation sites in
Terrebonne and Timbalier bays, Louisiana, from May 2009 to February 2011. Major loadings
for each factor are indicated in bold. The variance explained by factors eigenvalues is expressed
as absolute, and percent proportional and cumulative.
Environmental variable
Temperature (°C)
Dissolved Oxygen (mg/L)
Distance to shore (m)
Salinity
Depth (m)
Water clarity (tube, cm)

Factor 1
-0.90
0.91
-0.04
0.32
-0.03
0.15

Factor 2
-0.27
-0.03
0.82
0.80
0.09
0.35

Factor 3
-0.0007
0.08
0.21
0.17
0.90
0.70

1.76
29.3
29.3

1.51
25.2
54.5

1.37
22.8
77.3

Variance Explained
Variance Explained %
Cumulative Variance Explained%
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Figure 2.3. Plot of factor analysis patterns of group means of 155 observations indicating the
group composition (i.e., with adults only, with adults and calves) and the presence or absence of
feeding activity within each group. The radii of individual centroids equal two standard errors.
Suitability index curves were constructed to compare general habitat use and the values
of environmental gradients that were used during specific behaviors or group compositions.
Foraging behavior was present in 45 of the 155 observations. Selected distances to shore for
feeding were not different from the general use (Figure 2.5). Use for water clarity peaked around
45 cm, and declined toward both extremes (Figure 2.5). Selection for feeding was balanced
across all water depths (1-17 m); however, there was a high use of the 2-4 m depth range (Figure
2.5). Foraging was generally higher at lower salinities and peaked at 10.5 (Figure 2.6).
Selected temperature use for feeding was around 24°C (Figure 2.6). The suitability for dissolved
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oxygen (DO) concentration peaked between 6 to 8 mg/L (Figure 2.6).
Calves were present in 46 of the 155 observations. Suitability for distance to shore
peaked at less than 1000 m and showed a sharp decline at further distances (Figure 2.7). There
was no clear pattern for water clarity (Figure 2.7). Depth selection was highest between 2 and 4
m and quickly declined at increasing depth (Figure 2.7). Suitability for salinity use peaked
between 13.5 and 16.5 and steadily declined as salinity increased (Figure 2.8). Temperature use
for presence of calves showed no clear selection pattern (Figure 2.8). The suitability for DO
concentration peaked at 7 mg/L and quickly decreased with increasing DO concentration (Figure
2.8).
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Figure 2.4. Foraging habitat suitability curves for distance to shore, turbidity tube as a measure of
water clarity, and depth. Vertical bars indicate frequency of overall observations (black) and feeding
activity (white) for each given interval. Black lines indicate the relative suitability of variable values
for feeding activity.
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Figure 2.5. Foraging habitat suitability curves for salinity, temperature, and dissolved oxygen. Vertical
bars indicate frequency of overall observations (black) and feeding activity (white) for each given
interval. Black lines indicate the relative suitability of variable values for feeding activity.
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Figure 2.6. Habitat suitability curves with groups with calves for distance to shore, turbidity tube as a
measure of water clarity, and depth. Vertical bars indicate frequency of overall observations (black) and
presence of calves (white) for each given interval. Black lines indicate the relative suitability of
variable values for presence of calves.
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Figure 2.7. Habitat suitability curves for groups with calves for salinity, temperature, and dissolved
oxygen. Vertical bars indicate frequency of overall observations (black) and presence of calves (white)
for each given interval. Black lines indicate the relative suitability of variable values for presence of
calves.
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Discussion
Patterns of habitat use, group composition, and activity varied seasonally. Environmental
variables showed significant seasonal differences for temperature, dissolved oxygen, salinity,
water clarity, and distance to shore (Table 2.2). Habitat suitability patterns for foraging and
presence of calves differed from general use for four of six environmental variables sampled.
Foraging suitability curves showed a selection for water clarity around 45 cm, lower salinities,
temperature of 22 - 26 °C, and dissolved oxygen from 6 to 8 mg/L (Figures 2.5 and 2.6).
Throughout all seasons, dolphins used somewhat different habitat characteristics when calves
were present. These included shallower waters closer to shore with lower salinities and
dissolved oxygen concentration around 7 mg/L (Figure 2.7 and 2.8). A factor analysis showed
clear separation of groups related to behavior and group composition, including groups of adults
foraging and not foraging and groups with calves foraging and not foraging. Groups with calves
not foraging used significantly different waters from all other groups, waters that were shallower,
more turbid, and closer to shore (Figure 2.3).
Environmental conditions play a significant role in dolphin distribution (Gaskin 1968,
Brager et al. 2003). Significant seasonal differences in my study area were detected by the
MANOVA (Table 2.2) indicating seasonal impact on the distribution of dolphins. Seasonal
variability in environmental conditions changed predictors of seasonal distribution of bottlenose
dolphins in coastal waters of the northern Adriatic Sea (Bearzi et al. 2008). For instance, dolphin
presence during the summer was directly correlated with high dissolved oxygen concentration,
whereas in the fall, temperature was the main predictor. In my study, the factor analysis showed
an inverse relationship between dissolved oxygen and temperature indicating that variability in
these seasonally important drivers played a role in dolphin distribution (Figure 2.3). In 1968,
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Gaskin reported that sea surface temperature correlated with the seasonal distribution of four
pelagic delphinid species off the east coast of New Zealand. However, temperature in the
tropical Caravelas River Estuary in eastern Brazil did not influence the distribution of Guiana
dolphins (Sotalia guianensis) (Rossi-Santos et al. 2010, de Godoy et al. 2015). Nevertheless,
habitat use by dolphins is likely highly variable due to complex interactions among multiple
environmental factors (Bearzi et al. 2008, de Godoy et al. 2015).
Distance to shore and salinity both loaded positively and heavily in the factor analysis of
habitat use indicating importance of seasonal movements in dolphin distribution (Table 2.3).
Distance to shore has been suggested as more important than depth in determining the
distribution of bottlenose dolphins in many coastal areas (Toth et al. 2011). This is consistent
with my study where the mean depth used in Terrebonne and Timbalier bays was not
significantly different among seasons (Table 2.2). However, mean distance to shore was
significantly different between winter and spring (Table 2.2). While the lower limit of the
salinity range cannot be exactly stated, estuarine fauna, including bottlenose dolphins, are known
to be sensitive to the lower end of the tolerable ranges (Gunter 1956, Hornsby et al. 2017).
Bottlenose dolphin distribution within Barataria Bay is spatially limited by salinities, which
range from near zero in the northern portions to 25 in the southernmost regions (Das et al. 2012,
Hornsby et al. 2017). Dolphins occasionally utilized areas with salinities less than eight, and
seldom entered waters with salinities less than 5, suggesting salinity gradient is a primary driver
of distribution in Barataria Bay (Hornsby et al. 2017). In agreement with Hornsby’s (2017)
findings, bottlenose dolphins in Terrebonne and Timbalier bays utilized salinities less than eight
only 3% of the time. The influence of salinity on distribution seems to be widespread among
cetaceans. For example, of all environmental variables studied by Murase et al. (2013), salinity
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has the greatest effect on the distribution of Antarctic minke whales (Balaenoptera bonaerensis)
in the Ross Sea. However, the density of Antarctic and ice krill (Euphausia superba and E.
crystallorophias, respectively) also influences the spatial distribution of minke whales. Overall
cetacean habitat usage is influenced by hydrological variables, however influence by prey
distribution and abundance is also important.
Seasonal differences in environmental variables (Table 2.2) may indirectly influence
bottlenose dolphin feeding by directly influencing the distribution and movements of their prey.
Many studies have linked cetacean location and behavior with distribution and movement of
prey (Gaskin 1968, Selzer & Payne 1988, Barros & Wells 1998, Murase et al. 2013). In Belize,
dolphins foraged disproportionately more at the ecotone between seagrass and sand beds that
contain a higher fish density than the habitat types on either side (Eierman & Connor 2014). The
distribution of dusky dolphins (Lagenorhynchus obscurus) off Argentina reflects the seasonal
and spatial distribution of their prey. Dolphins mill and dive further from shore more often
during the cold season indicating attempts to forage on anchovies at deeper depths (Degrati et al.
2013). In agreement with this, Acevedo-Gutierrez and Parker (2000) found that when bottlenose
dolphins in the eastern tropical Pacific dive in a single location, their prey are clumped at depth.
Sciaenids are preferred prey of bottlenose dolphins, including spotted seatrout (Cynoscion
nebulosus; Berens McCabe et al. 2010). Sciaenids use Louisiana’s fertile estuaries as spawning
grounds and males produce species-specific drums and grunts presumably to attract females
(Saucier & Baltz 1993, Luczkovich et al. 2008). Bottlenose dolphins use passive acoustics to
forage (Gannon et al. 2005), and results by Au et al. (2009) suggest that dolphins can discern
prey types based on acoustic cues. In Louisiana, peak sound production occurs during sciaenid
spawning thus providing bottlenose dolphins with a prime opportunity for foraging. Saucier and
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Baltz (1993) observed large spawning aggregations of spotted sea trout (C. nebulosus) in
salinities between 15 and 18 and in dissolved oxygen of 7 to 9 mg/L, both occurring in these
conditions over ~75% of the time. Moreover, Torres et al. (2008) found that models of prey
distribution based upon environmental data (i.e., temperature, turbidity, dissolved oxygen,
distance to shore, and salinity) correctly predict dolphin foraging habitat conditions 87.5% of the
time. Consistent with these studies, foraging habitat suitability curves in the current study show
suitability at salinities less than 20 and dissolved oxygen around 8 mg/L (Figures 2.4 and 2.5).
This suggests that habitat selection probably is a function of prey selection, which is also
consistent with bottlenose dolphins being selective feeders (Berens McCabe et al. 2010).
Ontogeny of different life stages of sciaenids in part drives dolphin distribution and habitat use.
In Chesapeake Bay, adult sciaenids forage in a greater range of habitat conditions than any other
fish family, and they also forage on different prey items during different life stages (Deary et al.
2017). These shifts in the habitat and prey of sciaenids will influence the distribution of foraging
dolphins and will be reflected in the environmental conditions dolphins use. Torres and Read
(2009) found that bottlenose dolphins in Florida Bay, Florida, seek habitats where they can
successfully employ the foraging tactic in which they specialize. Estuaries support large
concentrations of prey and bottlenose dolphins primarily use these areas for foraging in the Gulf
of California (Ballance 1992). Thus, protecting estuaries and the delicate balance of nutrients
that support a large abundance of prey species will help conserve bottlenose dolphin populations.
Describing cetacean foraging habitat in a dynamic, heterogeneous oceanic environment is
difficult. Physicochemical variables combined with behavioral data create a more complete
understanding of habitat use (Brager et al. 2003, Torres et al. 2008). Miller and Baltz (2009)
found that water temperature was a more important indicator of bottlenose dolphin foraging
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habitat use in Barataria Bay, Louisiana, than season. Consistent with this, habitat suitability
curves from the current study show that foraging habitat use was highest between 22 and 26 °C
(Figure 2.6) and most of the observations in that range were in fall and spring. Depth and water
clarity loaded positively and heavily on the factor analysis (Table 2.3) characterizing the threedimensional space used in the water column. Additionally, habitat suitability curves for feeding
peaked at 45 cm on the turbidity tube for both overall observations and for feeding activity
(Figure 2.4). In Barataria Bay, turbidity is the second most important variable in describing
foraging sites (Miller & Baltz 2009). Turbidity can provide protection to prey species; however,
studies relating turbidity to cetacean foraging are not common. Brager et al. (2003) observed
Hector’s dolphins (Cephalorhynchus hectori) in New Zealand in shallow, turbid waters more
often in summer than winter. Minello & Benfield (2018) found that water clarity affects feeding
rates and prey selection of southern flounder (Paralichthys lethostigma) in turbid, estuarine
waters. They suggested inclusion of water clarity in trophic models, indicating that interactions
between predator-prey and the physical environment can impact higher trophic levels, including
dolphins. Passive acoustic listening provides dolphins with an advantage in turbid waters;
however, backscatter from non-prey items can reduce the efficacy of this foraging tool (Chua et
al. 2012, Wilson et al. 2013). Turbidity can also benefit dolphins in the form of refuge from
predators, especially for young-of-year and calves.
Bottlenose dolphin calves and their mothers form long-term bonds typically lasting 3-6
years (Scott et al. 1990). Groups of mothers and calves of similar ages also form associations,
known as nursery groups (Wells et al. 1987, Scott et al. 1990). Maternal investment into calves
includes teaching foraging skills, which are vital for survival and reproduction (Weiss 2006).
Matrilineal transmission of skills allows calves to become adept at using them during the first
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few years while still dependent on the mother (Weiss 2006). Furthermore, offspring independent
of their mothers in Sarasota Bay, Florida, and Shark Bay, Australia, have been observed using
the same foraging skills as their mothers (Smolker et al. 1997, Weiss 2006). Dolphins with
calves have been observed frequenting shallow, more turbid, protected bays in warmer months,
potentially using the areas as nursery grounds (Scott et al. 1990, Brager et al. 2003). Potential
nursery areas for cetaceans have been identified in oceanic regions worldwide (Barco et al. 1999,
Spyrakos et al. 2011, Miller et al. 2013, Oakley et al. 2016), but no studies to date have
quantified the physicochemical variables in which nursery groups were found. Nursery groups
with mothers and calves were seen during all seasons in Terrebonne and Timbalier bays,
Louisiana (Table 2.1). Habitat suitability curves showed that nursery groups tended to be closer
to shore in shallow, less saline waters (Figure 2.6) during all seasons. Maternal care requires
considerable energetic effort, especially in finding foraging habitat, nursing, and transmitting
foraging skills to their young. Nursery groups of common dolphins (Delphinus sp.) in New
Zealand feed cooperatively, possibly for increased protection from predators and success in
obtaining prey (de la Brosse 2010). Cockcroft and Ross (1990) suggested that foraging
determines the major extent of a group’s movements and apparent home ranges. In my study,
the factor analysis showed that non-foraging nursery groups occupied shallower, more turbid and
warmer waters closer to shore than all other groups (Figure 2.3). When foraging, the nursery
groups were found in the same space occupied by groups without calves, suggesting the
necessity of venturing out of a possible shallow nursery area to forage in deeper, less turbid
waters. In contrast, Weiss (2006) observed that mother-calf pairs use shallow seagrass areas
more often during foraging; however, these shallow beds are a hotspot for foraging due to the
abundance of prey (Barros & Wells 1998). Habitat suitability curves showed that presence of
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calves peaked around a dissolved oxygen content of 7 mg/L (Figure 2.7), which aligns with
foraging use between 6-8 mg/L (Figure 2.5). Foraging is a primary driver of habitat use in
nursery groups given the energetic cost of lactation and the ensured success of calves’ survival
(Cockcroft & Ross 1990, Weiss 2006). Thus, understanding relationships between nursery
groups and foraging habitat is necessary to conserve the future viability of populations.
This study characterized the habitat use patterns of bottlenose dolphins in Terrebonne and
Timbalier bays, Louisiana. Particular interest was given to the habitat suitability of foraging
behavior and the presence of calves. Non-foraging groups with calves used a different
environmental space than all other groups. Groups with calves while both foraging and not
foraging used shallower waters with lower salinities; however, they occupied more turbid waters
closer to shore when not foraging. Thus, protecting the dolphin’s entire range of habitat use is
critical in management efforts. Restoration plans for Louisiana’s coastlines include diverting
fresh water to restore the estuaries, which will likely promote the southward migration of the
isohaline (CPRA 2017). Given dolphin’s lack of tolerance to low salinities, nursery groups may
be pushed southward, and this shift may reduce the value of the estuary as a presumable nursery
area. Given that females at reproductive age and their calves are the crux of the population’s
future, this human-induced shift in available habitat could impact the population for years to
come. Future research that further characterizes the needs of nursery groups could help
management and conservation efforts to better protect the habitat required for the bottlenose
dolphin’s survival and success.
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